The objective of this study was to assess the water collection, treatment, and contamination in Upper and Lower Belén neighborhoods of Iquitos, Peru to address the longstanding prevalence of waterborne disease. Fifty household surveys were performed and 45 water samples were analyzed for fecal coliforms (FC). Most drinking water was untreated at home and negative for FC. Of the FCpositive waters (11.1%), the source was Sedaloreto tap water, the municipally owned water company and treatment facility. No FC-positive samples resulted from residences reporting home treatment.
INTRODUCTION
In developing countries, poor sanitation can lead to myriad diseases that significantly increase morbidity and mortality. In the outskirts of Iquitos, Peru, a significant percentage of people lack access to improved drinking water service.
According to 2008 data, Peru's developing urban sector has 90% coverage for improved drinking water service, while the country's rural/remote areas have only 61% coverage (WHO & UNICEF ). The high frequency of enteric parasitic infections in Iquitos points towards multiple possible sources of transmission (Gyorkos et al. ) .
Lower Belén is among the poorest neighborhoods in
Iquitos and the Loreto Region, with an estimated poverty rate of 70% (Gobierno Regional De Loreto ). This zone experiences more severe malnutrition among children and higher unemployment for young people, especially women, than the rest of the country (Gyorkos et 
al. ).
Belén's municipal government reports that the leading causes of morbidity are respiratory infections, febrile illnesses, and diarrhea/gastroenteritis of unspecified cause (DSDDB ). Furthermore, 65% of young children in Belén are undernourished and 55% are anemic (DSDDB ).
In addition, Belén lags in urban development and infrastructural growth. Of the 11,454 homes within Belén, only 2,916 (10.36%) are equipped for piped sewage systems (DSDDB ). With respect to water access, 52% of Belén's houses lacked connections to a piped potablewater system (Flores Gómez ). In Belén's urban sector, 8% of homes relied on artesian wells for drinking water, 2% collect water directly from the Itaya River and its tributaries, and others utilized public faucets or purchased water from neighboring residences. Due to deficits in Belén's sewage system -with nearly 90% of homes presently lacking coverage -water obtained from shallow wells, rivers, and streams likely presents a severe health risk.
Water from public or private faucets is sourced by Sedaloreto, the water company that serves as the sole provider of piped potable water for Iquitos. Water is also available for purchase from local delivery companies, which deliver large quantities of presumably pretreated water to private residences in Belén. Due to cost, a small fraction of Belén's residents rely on delivery companies for providing the majority of their home water supply.
The majority of Belén's residents are aware that their water systems pose a serious public health threat (Casapia et al. ) . In a 2007 study, inhabitants of Belén identified diarrhea, parasites, and lack of basic home sanitation among the 'top 10' priority problems for their municipality (Casapia et al. ) . In general, Belén's residents are aware that significant changes must occur in the way they treat and store water. However, identification of key stakeholders to facilitate these changes is necessary, as well as identification of existing barriers.
While previous studies have highlighted the prevalence of several pathogens in Iquitos including Ascaris, Trichuris, and Leptospirosis, there is relatively little information regarding water-collection beliefs, methods, treatment, and use in the region (Casapia et al. , ) . Many of these diseases were directly linked to the community's drinking water quality; however, the safety of the water sources has not been investigated. This study assessed household water-collection, treatment, use, and contamination in Belén.
METHODS

Study site
Sections of Lower and Upper Belén were chosen for this study (see Figure 1 ). The major difference between these zones is that Lower Belén floods with river water during the rainy season from November until May, while Upper
Belén typically remains dry all year (Guarda et al. ) . 
Survey
The method utilized for household selection was stratified random sampling (Cochran ) . The randomization method used was systematic stratified sampling. At the start of the study, a single household was selected at random from a map of Lower Belén and served as the starting point for systematic sampling. From there, surveys were conducted at every tenth house. The first sampling was collected from Lower Belén over 3 days on July 13, 14, and 18, 2011, and the second sampling group comprised residences in Upper Belén on July 14, 15, and 18, 2011. At five of the residences, no water was available at the time of surveying and no samples were collected.
Each of the surveys was conducted orally in Spanish by researchers (all native English speakers) with translation by Spanish-speaking Peruvian health employees. Houses were excluded from the study if no one older than age 18 was present. Additionally, houses were excluded if inaccessible due to flooding. As interviews were conducted in July, during Iquitos' dry season (lasting from April to October), the majority of houses were accessible.
Materials
In each house, a water sample was collected from the identified primary drinking-water source in a sterile, plastic, 100 mL specimen-collection cup with an airtight screw cap. These samples were transported to the Universidad 
RESULTS
Regardless of location, the majority (76.0% from Upper Belén; 84.0% from Lower Belén) of participants from both sites used Sedaloreto as their main source of water. Some of those surveyed also supplemented their water supply with water purchased from convenience stores or water delivery services, which residents assumed was pretreated.
The point-of-use treatment methods of Upper and Lower
Belén were also similar. Families in both locations often employed multiple methods of point-of-use treatment in various combinations. In Upper Belén, the most common point-of-use water-treatment method was boiling, followed by pretreated purchased water, no treatment, and lastly, chlorine. The most common point-of-use treatment method in Lower Belén was also boiling followed by pre-treated purchased water, no treatment, and finally, chlorine tablets.
Some families used multiple methods of water treatment or were inconsistent with their choice of treatment. Despite the environmental differences between the two geographic locations, treatments remained comparable.
Although Upper and Lower Belén are similar in many ways, Table 1 As shown in Table 2 , all positive FC results were for samples of water that did not undergo point-of-use treatment (boiling or chlorination). Nevertheless, 82.5% of the samples that were tap water and had undergone no additional pointof-use treatment were found to be negative for FC. The results of the positive FC tests are summarized in Table 4 , and revealed that no one in the houses with positive Finally, each head of the household was surveyed about problems with water in their community (Table 5) Based on the assumption of Lower Belén's vulnerability to contamination, we hypothesized that Lower Belén drinking water would have a higher prevalence of FC bacteria and reports of diarrhea and parasites than Upper Belén. However, the rates were not statistically significant, indicating that contamination rates at the time of sampling in these two neighborhoods were essentially equivalent.
A profile of the samples positive for FC is provided in Table 4 . All the positive samples were from tap water Previous studies conducted in low-income settings have highlighted the importance of proper home water handling.
A recent study conducted in urban slum households in Hyderabad, India, concluded that dramatic increases in fecal contamination occur at the household level due to poor water handling, despite adequate treatment and disinfection techniques at the supply points (Eshcol et al. ) . 
CONCLUSIONS
This study demonstrated that water contamination is a large problem in Belén municipality of Iquitos, Peru. Water contamination found in the household did not necessarily correlate with reported disease, which suggests either immunity against diarrheal diseases or misreported information.
Based on the findings of this study, it is likely that water is contaminated during water collection, storage, and use.
